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QUARTERLY PROGRESS REPORT
MICROGRAVITY SCIENCES APPLICATION VISITING SCIENTIST PROGRAM
CONTRACT NAS8-38785
December 20, 1991 - February 23, 1995
Statement of Work
Marshall Space Flight Center pursues scientific research in the area of low-gravity effects on
materials and processes. To facilitate these Government performed research responsibilities, a
number of supplementary research tasks were accomplished by a group of specialized visiting
scientists. They participated in work on contemporary research problems with specific objectives
related to current or future space flight experiments and defined and established independent
programs of research which were based on scientific peer review and the relevance of the defined
research to NASA microgravity for implementing a portion of the national program.
The programs included research in the following areas: protein crystal growth, X-ray
crystallography and computer analysis of protein crystal structure, optimization and analysis of
protein crystal growth techniques, and design and testing of flight hardware.
Objective
USRA established, managed, and maintained a broad program for visiting scientists to benefit the
ongoing and evolving research needs of Marshall Space Flight Center in the area of microgravity
science and applications. These visiting scientists contributed in continuing research in the areas
of crystal growth, metals and alloys, fluid dynamics, protein crystal growth and analysis,
biotechnology, chemistry, and polymeric materials for non-linear optics, as well as appropriate
new areas relevant to the discipline. Technical work on all listed tasks began at the award of the
contract. Individual sub-tasks (research programs) were accomplished on independent schedules
dictated by funding and technical considerations.
USRA recruited quality research and technical personnel from the general university or industrial
community to accomplish specific research programs within a definite time frame.
Although the specific research conducted under this contract was intended to be responsive to
evolving scientific perspectives, certain specific, core research programs were required. Also,
such as:
• Determination of the structure of human serum albumin and other biomedically important
proteins.
• Analysis of thermodynamic properties of various proteins and models of protein nucleation.
• Development of experimental techniques for the growth of protein crystals in space.
• Study of the physics of electrical double layers in the mechanics of liquid interfaces.
• Computational analysis of vapor crystal growth processes in microgravity.
• Analysis of the influence of magnetic fields in damping residual flows in directional
solidification processes.
• Crystal growth and characterization oflI-VI semiconductor alloys.
• Productionof thin filmsfor nonlinearoptics.
• Analysisof metalsandalloysreseai'chandapplications.
• Developpeltierpulsingfor flight experiment.
• Analysisof combustionscience.
It wasnot intendedthat the programsbe necessarilylimited to this set at any one time. The
visiting scientistsaccomplishingtheseprogramsservedon-site at MSFC to take advantageof
existinglaboratoryfacilitiesandthedailyopportunitiesfor technicalcommunicationswith various
seniorscientists.
Occasionally,USRA scientistsestablishednew and well defined scientific theoretical and
experimentalresearchprogramsin thegeneralmicrogravitydisciplinesof chemistryandpolymeric
materials,electronic and photonic materials,and biotechnology. The identification of these
programs was based on the evolving requirementsto maintain space flight science and
applicationsprogramsonSpacelabandSpaceStation.
USRA had the responsibilityto assurethe best applicationof limited resourcesthrough the
effectiveidentificationof researchareasandpersonnel.
To assurethe most authoritativesourcesand informationwere utilized in decisionsconcerning
scientificapproachesandthe developmentof visiting scientists'research,USRA participatedin
established science reviews and conferences concerning applicable NASA research programs and
provided expertise to these groups as dictated by the contemporary progress in the fields. In
addition, the USRA supplemented these existing reviews, as necessary, with special topical
reviews by appropriate government, university, or industrial scientists for the purpose of
evaluating specific materials processing in space problems related to the visiting scientists'
programs. In association with this task, USRA maintained a summary of important scientific
results related to the visiting scientists' research. This task was considered a key element in the
effective development of research tasks and the scientific progress of individual research
personnel.
Finally USRA performed administrative functions for employees and activities related to the
visiting scientist program.
Visitine Scientists
The following Visiting Scientists performed research studies of the Protein Crystal Growth (PCG)
and separation methods used to purify proteins and other biological samples prior to studies such
as PCG; solid materials characterization for the electronic materials branch; and research in
synthesis and characterization of non-linear optical materials, for the electronic and photonic
materials branch. They are listed in alphabetical order:
Andrew Gregory, student research assistant (5/17/93-8/18/93)
Dr. Richard Grugel, optical microscopy, SEM, TEM, directional solidification techniques, and the
use of organic analogs to simulate phenomena occurring in metallic systems; (7/5/94-2/3/95)
Ms. Elizabeth Forsythe, protein solubilities, purification, separation and crystallization; (10/20/91-
2/3/95)
Mr. Spencer Guthrie, student laboratory assistant, (5/23/94-2/3/95)
Dr. Joseph Xiao-min Ho, crystal growth;(10/20/91-8/26/94)
Ms. Emilie Johnson,studentlaboratoryassistant;(2/17/94-2/3/95)
Dr. Merrill King, combustionstudyandanalysisof variouschemicalprograms;(2/1/93-2/3/95)
Dr. ManfredLichtensteiger,growth andcharacterizationof electronicmaterials;(11/15/93-2/3/95
Ms. Laurie Matthews;studentlaboratoryassistant;(2/26/94-1/5/94)
Mr. Rick McConnell,programmanagement;(11/15/93-2/3/95)
Mark StevenPaley, synthesisand characterizationof non-linearoptical materials;(10/20/91-
2/3/95)
Dr. NarayananRamachandran,fluid dynamics;(10/20/91-2/3/95)
Dr. TerryRolin, characterizationof superconductors;(4/19/93-2/3/95)
Dr. Yi-Gao Sha,crystalgrowth; (12/1/92-2/3/95)
2/3/95)
Dr. LaurentSibille,proteinsolutionchemistry;(10/20/91-2/3/95)
Till Rosenberger,studentresearchassistant(7/10/92-7/30/93)
Dr. Ching-HuaSu,solidmaterialscharacterization;(10/20/91-8/29/94)
Ms. PamelaTwigg, proteincrystalgrowth; (10/20/91-2/3/95)
Activities Performed
Ms. Elizabeth L. Forsythe completed the following tasks:
Chicken egg white lysozyme was the standard test material utilized to investigate protein crystal
growth and nucleation and the determination of protein solubilities is one typical way to study the
macromolecular crystal growth process. A rapid technique to determine protein solubilities was
developed at Marshall Space Flight Center, MSFC, in 1988. Using this technique, Ms. Forsythe
has extensively studied the solubility of lysozyme at various conditions. The phase diagram of
orthorhombic or the high temperature form of lysozyme was completed and published in 1994.
This work was presented as a poster at the Fifth International Conference on the Crystallization of
Biological Macromolecules in August of 1993. Earlier in 1993, the solubility phase diagram for
tetragonal lysozyme with sodium bromide as the precipitating agent was initiated. However, this
work was temporarily suspended in order to complete the orthorhombic study. In addition, a
phase diagram for the same protein was initiated in order to study the effects of buffer
concentration on the solubility.
A continuous search for the crystallization parameters of various proteins has always been a
priority. Without a complete understanding of protein crystal growth and nucleation,
crystallization trials are only a broad attempt to coax the proteins into a crystallizable form. In the
past three years, Ms. Forsythe has worked on crystallization conditions for several proteins such
as prothrombin, ovostatin, concanavalin A, edestin, ribonuclease, ovotransferfin, and lysozyme.
Ovostatin, ovotransferrin and lysozyme are proteins that are available from chicken egg whites.
Concanavalin A and edestin are storage proteins from seeds such as Jack Bean and Hemp.
Prothrombinis a clotting protein from cow blood. The biochemicalfunctionsof severalof the
proteins, suchas ovostatin, lysozymeand prothrombin,are equivalentto their humanprotein
counterparts.
During the course of this contract, Ms. Forsythe studied lysozyme extensively and has conducted
crystallization trials involving mineral substrates. These substrates provide controlled nucleation
sites for proteins. She has also experimented with various precipitating agents such as sodium
bromide, sodium iodide, rubidium chloride and lithium nitrate in order to study ionic effects.
Another interesting experiment involving lysozyme was completed recently in which the purity of
the protein was evaluated. This study included purification and crystallization trials at basic pH.
The manuscript is complete and was submitted January 31. A few weeks ago, a study involving
the storage of proteins was initiated with lysozyme and other suitable proteins. This information
will be used for future flight experiments on the space shuttle and the space station.
The overall effects of solution parameters such as pH, temperature, salt (precipitant), and buffer
concentrations on protein crystal growth have been studied with a unique computer-controlled
apparatus assembled at MSFC. Using this apparatus, Ms. Forsythe produced -500 experimental
runs in the past 2½ years. These experiments supply data concerning nucleation and aggregation
that supports the modeling of a growth mechanism. Our mechanism for lysozyme crystal growth
involves the formation of an aggregate growth unit (octamer), the mass transport of the growth
unit to the crystal interface and faceted crystal growth by growth unit addition.
Secondary responsibilities included duties such as monthly eye wash testing, procurement,
reporting equipment failures, and a yearly chemical inventory. In addition, a chemical hygiene
plan for the Biophysics Branch (ES 76) was prepared with the collaboration of Donna Donnelly
and Pam Twigg.
As the Hazardous Waste Officer, Ms. Forsythe served as primary interface with the Hazardous
Waste Branch at MSFC in order to identify and maintain hazardous waste streams. She also
supported the lab (Room 411) by assisting in training new personnel and preparing a standard
operating procedure manual.
Dr. Joseph Xiao-Min Ho completed the following tasks:
He participated in Protein Crystal Growth Project, assessed qualities of crystals grown from a
number of Space Shuttle missions, and results have been published in scientific literature.
In the capacity of Co-Investigator, Dr. Ho developed new micro-gravity protein crystal growth
hardware (PCAM), which has been test flown successfully on Space Shuttle Mission STS-62.
Dr. Ho solved the difficult and important protein structure of serum albumins and published
extensively on this subject in NATURE, SCIENCE and many other scientific journals (See
Publications and Presentations Section of ths report). He initiated a new approach for analyzing
molecular thermal vibrations using diffraction data. The results were published in major
crystallographic journal.
Dr. Ho determined the structure of the first human monoclonal antibody against the HIV-1 virus
transmembrane GP41, the information is being used to develop more effective AIDS test kits. He
also solved the structure of protein glutathione s-transferase fused with HIV-1 epitope. This
structure has significance both in the AIDS study and in research for infectious decease
Schistosomias.
Dr. Richard Grugel completedthefollowingtasks:
He organizedthe laboratoryto performexperimentsandbecamefamiliar with the facilitiesand
personnelto conduct researchregardingthe influence,or lack, of gravity on microstructural
developmentduringthe solidificationof metalsandalloys.
He used a reasonablecasting furnace and a furnace and drive unit capableof performing
controlleddirectionalsolidificationexperiments.Somecursoryinvestigationsof monotecticand
eutecticalloyswerecompletedand,in view of microstructuralexamination,the assemblyappears
to be ingood workingorder. Somesupplies,primarilyrefractoriesandsmallmachineparts,have
beenorderedandreceived.
In addition to beginningexperimentalwork, discussionswith a numberof collaboratorswere
initiatedwith the aim of respondingwith strongproposalsto NASA NRA's. Consequently,in
responseto NASA's 1994InnovationResearchProposalNRA 94-OSS-16,two proposalshave
beensubmitted.Thetitlesare "Encapsulationof SoftMetals for SlideBearingApplications"(co-
investigatorsare Dr. Taylor G. Wang Professorof Applied and EngineeringSciencesand
Director, Centerfor Microgravity Scienceand Applications,VanderbiltUniversity, Centerfor
MicrogravityResearchandApplications,P.O. Box 6079-BNashville,TN 37235;Dr. LucienN.
Brush, AssistantProfessor,University of Washington,Departmentof Materials Scienceand
Engineering,Seattle,WA 98195 and;Ms. Carol Mackus, SeniorExperimentalMetallurgist,
ElectromotiveDivision of GM, 9301 West 55th Street, La Grange,IL 60525) and "Novel
SolidificationProcessingof HypermonotecticAlloys" co-investigatorisDr. J. IwanD. Alexander,
AssociateResearchProfessorof Physics,The University of Alabamain Huntsville,Research
InstituteM-41, Huntsville,AL 35899).
Ms. Emilie Johnsoncompletedthefollowingtasks:
shepreparedelastomertops for flight hardwareandcut themout. Shemadebuffersfor setting
up crystallizationplatesandmadesodiumazidewater for the laboratory. Shealsoassistedwith
othersmallprojects.
Dr. Merrill King completed the following tasks:
He served as a Senior Visiting Scientist assigned by USRA to NASA Headquarters to define
program goals and objectives for the Microgravity Combustion activity as part of the
Microgravity Sciences and Application Division. He established priorities, determined manpower
and funding requirements to achieve the objectives, and supervised NASA field center (Lewis
Research Center in the case of the combustion program) and university projects. As part of this
activity, he managed a peer review process of proposals submitted in response to a NASA
Microgravity Combustion Research Announcement (to be described in more detail below) and
was involved in several reviews (Concept Design Reviews, Requirements Definition Reviews, and
Preliminary Design Reviews) for eight projects in the Flight/Flight Definition activity. In terms of
planning activities, he participated in an MSAD Science Branch Meeting held in Boulder, CO, in
late 1993 and another such meeting in Huntsville, AL, in late 1994. He also participated in a
Program Operating Plan Review at Lewis Research Center.
In the flight experiment program area, Dr. King developed scientific rationale for proposing
programs to enter Flight Definition, and, as mentioned above was quite active in the ongoing
review of such programs; as part of this activity, he carefully reviewed the Science Requirements
Document generated by each Principal Investigator in the Flight Definition Program, otten
suggesting changes as needed. In addition, as a participant in the flight program reviews
mentioned above, he selected Science Review Panel members from the outside combustion
community and, in concert with these panelists, derived requirements for improvements in these
programs before passing them on to the next stage of development. Dr. King was the internal
reviewer for flight programs and was also active in review of programs planned for Glovebox
experiments (e.g., USML-2 Glovebox Review, held in September, 1993).
In the area of peer review of proposals, Dr. King was involved heavily in the development of
NRA-93-OLMSA-01, 'Microgravity Combustion Science: Research and Flight Experiment
Opportunities", issued on June 11, 1993. As part of this activity, he developed a set of mailing
lists, ensuring that anyone who might have any interest in this solicitation would receive a copy of
the NRA. In addition, announceed the NRA in the Commerce Business Daily on May 20, 1993.
Once the NRA had been issued, he fielded numerous questions from potential bidders and
collected a list of approximately 140 letters of intent to propose. In parallel to this activity, he
generated a file of approximately 300 possible reviewers, broken down by combustion research
subcategories. By late September (proposal due date), Dr. King had logged 98 proposals into the
NASA system and, after reading each of them, broke them down into three major categories for
panel review (one panel for each category) and formed panels of peers from the academic and
industrial community to review these proposals. He then forwarded each a package consisting of
the proposals, review forms, and instructions.
The first panel, consisting of eleven reviewers and covering 36 proposals in the gas flames area
met on Nov. 8-9, 1993, at NASA Headquarters to separate the proposals into "Highly Qualified,"
"Qualified," and "Unqualified" categories along with assigning numerical scores to each. A
second panel with nine external reviewers, covering 30 proposals in the areas of droplets, sprays,
particles, and dust clouds similarly met at NASA Headquarters on Dec. 2-3. A final panel with
ten external reviewers, covering 32 proposals in the areas of surface combustion, smoldering, and
combustion synthesis met on Dec. 13-14. Following these three panel reviews, Dr. King selected
thirteen of the most favorably rated proposals for consideration for Flight Definition, and
submitted these to an Engineering Panel at Lewis Research Center for review of their suitability
for various potential carriers. After this panel completed its review, he met with the Combustion
Program Manager, the Chief Scientist of MSAD, and two representatives from Lewis for
discussion of their findings and down-selecting of those proposals being considered for Flight
Track (those so eliminated from contention for immediate entry to the Flight Track still remaining
eligible for the Ground-Based program).
Next, he carefully reread the top fitty proposals (all rated by the review panels as Highly Qualified
or Qualified) along with the detailed written reviews provided by the panelists and factored in
questions of program priorities and balance to come up with a "straw-man" list of suggested
Principal Investigators for both Ground-Based and Flight Definition funding, to be reviewed by
the entire Science Branch of the Microgravity Science and Applications Division. As part of this
preparation, he generated one-page summaries of proposal content, peer review panel
findings/ratings, his recommendations, and the rationale behind them for each of these fifty
remaining proposals. In addition, he generated a table indicating how questions of program
balanceentered into his recommendations and additional budget tables indicating how the
proposals being recommended would fit within the planned allocations. From the final MSAD
meeting, 33 proposals were selected for the Ground-Based program, while six were selected for
Flight Definition. Subsequent to these decisions, Dr. King generated award and declination letters
in mid-March, 1994. In addition, a list of successful proposers was assembled for a Press release.
Finally, he generated a document describing the activities involved in the entire process, to be
used as a guide in future procurements.
As indicated above, Dr. King supplied each proposer panel summaries regarding his/her proposal,
"cleaned-up" copies of each individual panelist's reviews, and a brief summary of his
considerations. Several proposers did call to express regret at not being selected. One case
requested a four-page letter with more details regarding the declined decision.
Another of Dr. King's functions at NASA involved providing data and information acquired by
investigators in the Microgravity Combustion program to various NASA planning committees to
aid in the examination of the feasibility of future research and development directions. In this
area, he actively developed (and continuously updated) individual files for each Principal
Investigator and cataloged information on their programs. Of particular importance in this area,
was his continuing interaction with the Microgravity Combustion Discipline Working Group. His
most recent meeting with this advisory group was held in March, 1994, with topics including
presentation of a status report on awards from the most recent Combustion NRA, discussion of
the next Microgravity Combustion Workshop and NRA release (scheduled for the spring of
1995), review ofNASA/LeRC archiving efforts, and discussion of the Microgravity Combustion
Discipline Science Plan Appendix which Dr. King generated. Also in this area, he reviewed on a
regular basis the Experiment Data Packages for various flight programs (e.g., Candle Flames,
Wire Inflammability, Microgravity Smoldering Combustion, and Solid Surface Combustion
Experiment); it was very important that these plans be carefully put together to ensure that data
obtained in our flight experiments are made available to other investigators in the field.
As indicated earlier, another very important aspect of Dr. King's position involved continuous
reviewing/monitoring of the various programs being funded in the Microgravity Combustion
program, particularly those in the Flight/Flight Definition area. As part of his responsibilities in
this area, Dr. King recommended action on contracts and grants in his discipline and evaluated
progress on ongoing tasks, recommending (with the aid of external peer review panels) changes
or solutions to problems and/or redirection of effort as required. In this activity, he administered,
reviewed, and obtained necessary approvals for any changes or modifications to selected
investigations or change in any investigator's status. Dr. King was heavily involved in reviews at
various levels on the CM-1 (Combustion Module) and the two investigations (Laminar Soot
Processes and Structure of Flameballs at Low Lewis Numbers) planned for it. This activity
included selection of Science Panels for review of the science involved, conduct of Requirements
Definition Reviews, review of Science Requirements Documents, and participation in a recent
Preliminary Design Review.
As part of this activity, Dr. King prepared packages for the Lewis Project Scientists regarding
what was needed to be done to finalize the Science Requirements Documents for these two
programs based on results of the Requirements Definition Reviews, relying particularly on inputs
from the science review panels involved. In addition, he was involved in several reviews (informal
and formal) on the Droplet Combustion Experiment, on which considerable scientific progress
wasmadeover the lastyear. Further,hewas involvedin reviewsfor the SpreadAcrossLiquids
Program (Sounding Rocket), the DARTFire Program (SoundingRocket), the Microgravity
SmolderingCombustion(GASCAN), and the Turbulent-Gas-Jet-DiffusionFlame (GASCAN)
programsover the lastyear. On severalof these,Dr. King generated"Authority to Proceedto
Flight Development" letters for signatureby MSAD management,while on others, he
recommendedelayuntil certainshortcomingswerecorrected.
As ProgramScientistfor the Microgravity Combustionprogram,Dr. King, via interactionswith
the ProgramManager,the Chief Scientist,and otherswithin MSAD recommendedefforts and
funding in related areas (e.g., Advanced TechnologyDevelopment)whose output can be
beneficialto theMicrogravityCombustionprogram. In this realm,heparticipatedin the Graduate
StudentResearchProgramReviewsand AdvancedTechnologyDevelopmentProgramReview
and ProposalDecisionMeetingsas well as reviewingletters-of-intentto the annual(generic)
NRA. In addition,he reviewedannualreportsfrom thesevariousprograms. He participatedas
aninhouseexpertin aNon-AdvocateReviewfor CodeC onaFire-Safetyexperiment.
Dr. King increasedhis knowledgeregardingcutting-edgeresearchin the area of combustion,
readingbackgroundpapersfrom the variousPrincipalInvestigatorsin the programand related
work by otherson a time-availablebasis. As partof this effort, heconducteda literaturesearch
and identified approximately100 of what he believedto be important papersin the area. In
addition,he collectedand read a numberof textbooksand meetingproceedingsin the areaof
combustion,particularlyasrelatedto Microgravity Combustion. In one specificarea,while he
wastrying to establishprogrambalancein recommendingproposalsfrom the most recentNRA
for funding,Dr. King conducted a thorough review of existing and proposed programs in the area
of ignition and flame spread across surfaces; an excessive number of proposals were rated in the
Highly Qualified and Qualified areas and this review enabled him to choose those which would
best lead to program balance to avoid concentration of too large a fraction of our limited
resources in this one combustion sub discipline.
Another important aspect of Dr. King's assignment was that of forming liaisons with combustion
personnel in other agencies. In this area, he arranged several meetings between representatives of
the New Energy and Industrial Technology Development Organization (NEDO) and various
members of MSAD (including the Chief Scientist and the Division Director) to explore possible
collaborative efforts in the Microgravity Combustion area between our organizations. As part of
this effort, he drafted a charter for a Microgravity Combustion Working Group between the two
agencies, walked it through several drafts involving NASA's International Division and the
principals from both agencies, and finalized a charter which was signed by MSAD's Division
Director and the corresponding Japanese official in June 1994; an initial meeting of this Working
Group was held at NASA/Lewis in September 1994.
In addition, he arranged initial discussions with personnel from the National Science Foundation,
and very recently drafted a Memorandum of Understanding (currently under review at NASA) for
possible collaborative activities in the areas of Biotechnology, Combustion, Fluid Physics, and
Material Sciences between MSAD and the Directorates for Engineering and for Mathematical and
Physical Sciences at NSF. Through discussions with two Russian scientists, he initiated
establishment of possible areas in which Russian scientists could become involved in our
Microgravity Combustion program; as part of this effort, he attended a Zeldovich Memorial
Combustion Conference held in Moscow in September 1994, and participated there in a Round
Table Discussionon CombustionProcessesUnder Microgravity Conditions (serving as co-
chairmanof that session).Finally, hecontinueda practicewhichbeganwhile at NSF of keeping
combustionprogram managersat otherUS governmentagencies(NSF, AFOSR, ONR, ARO,
and DOE) informed regardingthe content of our program,providing them with lists of our
investigatorsandprogramtitles.
Dr. King hasalso beenactivein communicatingthe scope,content,status,anddirectionof the
Microgravity CombustionProgram to NASA management,the Office of Managementand
Budget,andtheCongress.
Severalexamplesof hisefforts in this area are as follows: First, Dr. King prepared an input of
approximately 1500 words on what has been accomplished in the Microgravity Combustion
Program during 1993 for the Annual Report. In addition, he generated an Appendix for the
Microgravity Science Plan, alluded to earlier, and had it reviewed by the Discipline Working
Group, modifying it to satisfy their minor concerns. He generated inputs for various of the Out-
Reach documents on an as-needed basis, generated an input to a "MSAD Accomplishments Thru
History" document for the OLMSA Associate Administrator, and wrote a "primer" on the
Microgravity Combustion Program to be used in support of management and congressional staff
presentations. He worked on preparation of material for the Associate Administrator to use in his
Congressional testimony, and prepared a data package regarding combustion investigations over
the past five years for the staff of Senator Mikulski. Recently, Dr. King integrated two major
documents summarizing the 1994 accomplishments of the Microgravity Science and Applications
Division for use by Congressional staffers.
In terms of contacts with the external combustion community, Dr. King was quite active in
professional societies dealing with combustion phenomena and has actively participated in
domestic and foreign scientific conferences and symposia, representing NASA. He has remained
quite active in the Combustion Institute, having reviewed six papers submitted to the 25th
International Symposium on Combustion, being held in Irvine, CA in August, 1994; in addition,
he chaired a session on Microgravity Diffusion Flames at that meeting and also reviewed papers
for two major combustion journals, Combustion and Flame, and Combustion Science and
Technology, averaging about 5 papers a year between these two journals. Dr. King remains
active in the American Institute for Aeronautics and Astronautics, reviewing papers for the
Journal of Propulsion and Power and being active on the Space Processing Technical Committee.
Dr. King also found himself organizing and chairing sessions at the Aerospace Sciences Meeting
each January. During this time, he authored a survey paper entitled, "Erosive Burning of Solid
Propellants" published in the Journal of Propulsion and Power. He has also authored another
paper entitled, "Modeling Study of Effects of Temperature Profiling on CVI Processing of Woven
Graphite Performs with Dimethyldichlorosilane," published in the Journal of Materials Research.
He submitted a third paper, "Examination of Chemical Approaches to Stabilizing Composite
Propellant Combustion" to the Journal of Propulsion and Power. Through his activities within
these societies, he was able to maintain strong personal contacts in the combustion community
and contribute to coordinating events and interchanging ideas, concepts, and research
development information.
Dr. Manfred Lichtensteiger's studies are defined below:
Passing well-defined electrical pulses of approximately 20A/cm 2 current density across the solid-
melt interface in a growing crystal introduces localized changes in the dopant segregation
behavior at the interface. High quality polishing and careful etching of the crystal grown will
make these changes visible by optical methods (Nomarski interference contrast). Thus, the shape
of the interface, and with knowledge of the pulse repetition rate instantaneous microscopic
growth rates can be established throughout the grown material: a fact of not only theoretical but
also practical importance.
This technique can be complemented by high resolution electrical measurements in the lam range
(spreading resistance measurements) which yields localized dopant concentration changes. A
combination of these two techniques make possible the development of a dynamical theory of
crystal growth correlating instantaneous growth rate changes with dopant segregation behavior.
This is the ultimate goal of this experiment which has been named IDFT (Interface Demarcation
Flight Test). This non-peer reviewed investigation will be conducted during the USML-2 flight
mission.
Since Dr. Lichtenstieger's arrival, his work has been directed towards the engineering
implementation of the design of an ampoule containing a <111> oriented single crystal of gallium
doped germanium in a hermetically sealed quartz ampoule. Approximately 25 ampoules based on
this design are to be tested at Teledyne Brown Engineering facilities. Finally, three of these
assemblies are to be designated as flight ampoules.
The design evolved from discussions with members of the GTE-OSRAM technical staff during a
number of visits, and discussions with numerous professionals in the field of Materials Science
and Engineering. Some of the design concepts were adapted from the solidification experiment
MA-060 which was flown during the Apollo-Soyuz mission.
It employs a modular approach, using 0.8 mm O platinum wire electrical feed-through with a
compressed molybdenum foil quartz seal, cup-shaped graphite electrodes which are both
mechanically and electrically connected to the feed-through rated at 150 W continuous power. A
highly doped (Ga) germanium single crystal oriented along the <111> growth direction, first
machined to approximate dimensions, followed by chemical etching to precise dimensions is used
in the assembly. This crystal is inserted (class A fit) into the graphite electrodes to ensure optimal
electrical contact, and the whole assembly is sealed in a quartz sleeve via a ring seal at the end of
either feed-through.
Evacuation and sealing-off completes the ampoule assembly whose dimensional and electrical
tolerances are prescribed by TBE (reference the enclosed ICD document 340ICD0140). Minor
modifications had to be made to the basic design: specifically changes to maintain concentricity,
and improvements in the somewhat awkward mechanical/electrical mating of the graphite
electrode to the feed-through (See photograph in Appendix 1). Without the benefit of a previous
flight experiment, testing of an initial set of ampoules was only partially successful since the
thermal characteristics of the CGF furnace were unknown. The thermal model derived for this
unit (the former USML- 1 flight furnace) did not take into account its reconfiguration with a 0.040
inch heat extraction plate, hence the thermal gradient zone was ill-defined. Likewise, the time to
reach quasi-steadystate conditions(ST/St=0),in the presenceof Joule heatingeffectsof the
interfacedemarcationpulsingsequencechosen,wasunknown. (Thepulsesequenceis described
asfollows: 75 msecpulseswith 40 A amplitudeat 5 secrepetition rate, followed by a 1 sec
separationdoublepulseeveryminute,and anoppositepolarity markerpulseeveryhour of the
sameamplitudeand duration;seemicro-photographof interfacecuspat approximately3 hours
growth).
This resultedin the initial solid-meltinterfacelocatedjust at the boundaryof the gradientzone
nearthestart of the coldzonemovingtowardsor into thegraphiteelectrodecup area,producing
a definitely curved melt interface shape (see plot of initial solid-melt interface shape).
Interestinglyenough,the curvatureof this interfaceis oppositethe expectedvalue which casts
somedoubtson thevalidity of thethermalmodelper se. Hence, efforts were made to ensure that
steady state conditions in the furnace were reached before starting re-growth by defining an
modified time-line within the time window allotted for this experiment. (This time-line allows for
growth at a 8 _tm/s translation rate aider 3 hours of equilibration with the pulsing system
operative, followed by a 3 _m/s translation rate leading into 'virtual' growth at the end of the
growth sequence).
In all instances, the instantaneous growth rate in the growth system never reaches steady-state and
resulted in a progressively curved interface concave as seen from the melt with the absolute
location of the solid-melt interface regressing ever further into the cold zone of the furnace (]'A
(g/t)×t). This then leads to excessive facetting and early breakdown of the growth interface (See
photo-micrograph of growth region at this time in Appendix 1). It should be noted that the
scientific information contained in these experiments is preserved in the successfully regrown
regions of the crystals.
If given the opportunity to conduct additional tests, Dr. Lichtensteiger feels that a change in the
chosen thermal parameters of the CGF will correct these problems.
Many, if not all of the required facilities to accomplish this research are not available at MSFC:
The degree of surface finish required prior to etching (L/6 desirable) after slicing a specimen along
its (211) crystallographic plane is just not attainable with the available equipment.
The surface topographical features, i.e. interface demarcation lines, are similar to an etched
MESA-structure which is of the order of rim. Nomarski differential interference contrast, using
monochromatic light, is the only method to successfully bring out the required details to make
interface demarcation useful as a diagnostic tool. Therefore, it requires a very intense light source
(xenon arc light). The presently available light source requires approximately 1000 s exposure for
a 400 ASA rated film which Dr. Lichtensteiger calls candlelight microscopy. SRP (Spreading
Resistance Profiling) is the only available spatial high-resolution technique to determine local
impurity/dopant concentration.
Ms. Lorrie Matthews completed the following tasks:
She prepared buffers and azide water, siliconzed coverslips, washed laboratory glassware, made
elastomer PCAM tops, etc. She assisted in the move of the laboratory equipment and materials
from building 4481 to 4464. She also assisted in setting up protein crystallization plates and in
attempting to grow crystals using a mock-up of the VDA flight hardware.
Mr. Rick McConnell completedthefollowingtasks:
He supportedthe USML-2 missionby performingmany tasks throughout the course of this
contract. Thetasksconsistedof compilingand distributingthe updatedpersonneldirectoryand
theminutesof theFourthInvestigatorWorking Group (IWG) meeting;attendedstatusandflight
operationsmeetingsand noted action items for the missionscientist team; coordinatedwith
BoeingTV the videotapingof two experimentsat thePayloadCrew TrainingComplex(PCTC);
preparedmissionscientistteamreferencesanddocumentationandparticipatedin the first cadre
simulation;worked with NASA personnelto processaccreditationrequestsfor international
participants;andprepared,publishedanddistributedthe minutesandpresentationsof the seventh
IWG.
DuringJanuary1 - March 31, 1994, Mr. McConnell compiled and published a two volume review
of the science results and made distribution to scientists and managers involved in IML-1. For
IML-2, he performed the following activities: attended status and flight operations meetings and
noted action items for the mission scientist team; prepared for and participated in two flight
simulations and debriefs; prepared science tracking charts and logs to be used during the mission;
worked with Boeing Television on the production of an IML-2 video; distributed mission
brochures to project scientists and principal investigators; continued work with NASA personnel
on the final accreditation list for international participants; prepared charts for principal
investigator training; worked with NASA Headquarters personnel on an agenda and
announcement for the Science Directors' Readiness Review; worked with McDonnell Douglas
personnel on the editing ofKSC's STS-65 Payload Handbook; and worked with Teledyne Brown
Engineering personnel on methods and procedures for reporting science activities during the
mission.
During April 1 - June 30, 1994, he attended flight status and operations meetings and noted action
items for the mission scientist team; prepared for and participated in four flight simulations and
debriefs; completed science tracking charts and logs to be used during the mission; worked with
NASA personnel on the final accreditation list for international participants; finalized with
Teledyne Brown Engineering personnel the methods and procedures for reporting science
activities during the mission; and organized documentation, procedures, and schedules for the
mission scientist team.
During July 1 - September 30, 1994, Mr. McConnell worked as the Mission Scientist on console
July 6-22, 1994, (7:00 am-8:00 pm). His duties included: working real-time problems;
replanning future shi_s; maintaining records or science accomplished and lost; compiling science
reports from the 19 facilities; writing science summaries for uplink to the crew; and answering
calls to the Mission Scientist.
After the mission, he attended debriefs with the operations cadre and flight crew and presented
Mission Scientist team comments. Other IML-2 activities included:
° organizing with European Space Agency representatives a post flight meeting in Darmstadt,
Germany, November 1-2, 1994;
• preparing the agenda, and distributing information on the meeting to principal investigators,
project scientists, and program scientists.
He also worked on the MSFC portion of the "MSAD Program Tasks and Bibliography for
FY94," distributinginformationandupdatingformsfor the92 microgravityprojects. For IML-1,
he distributed information to principal investigatorsand project scientists concerning the
compilationof a reprintsdocumentcomposedof publishedarticlesdiscussingthe scientificresults
of themission.
During the period of October 1 - December31, 1994,he finalizedwith ESA personnel,the
arrangementsfor an IML-2 postflight meetingat the EuropeanSpaceOperationsCenter in
Darmstadt, Germany,November 1-2, 1994. He began the compilation of reports on the
preliminaryresultsof the 82 IML-2 experimentsand compiled the 91 principal investigator
reports comprisingthe MSFC portion of the "MSAD Program Tasks and Bibliography for
FY'94"; andtransferredthe databasefiles to NASA Headquarters.He beganthecompilationof
publishedarticlesdiscussingthe scientificresultsof the IML-1 missionand starteda personnel
databasefiles for theLMS andMSL-1 missionsandupdatedtheUSML-2 andUSMP personnel
data basefiles; assistedthe LMS Mission Scientist in the organizationand distribution of
informationconcerningthe first InvestigatorWorking Group (IWG) meetingNovember 15-17,
1994.
Mr. McConnell attendedthe first IWG of the LMS mission, collectedpersonneldata base
information, and worked with foreign nationalson accreditationproceduresand assistedthe
USML-2 Mission Scientistin the organizationand distribution of informationconcerningthe
seventhIWG meeting,December13-14, 1994. He attendedthe seventhIWG of the USML-2
mission, took the minutesof the meeting, and participatedin the timeline splinter sessions;
preparedanddistributedanupdated USML-2 personneldirectory, IWG minutes,andcopiesof
presentations;assistedthe MSL-1 Mission Scientist in the organizationand distribution of
informationconcerningthefirst IWG.
During the last quarter, January 1 - February 3, 1995, Mr. McConnell completed the
arrangements for the MSL-1 IWG and prepared the minutes of the meetings, gathered
information for the personnel data base, and distributed the minutes to the attendees. He
continued the compilation of reprints of IML-1 results and the compilation of IML-2 preliminary
results. He also assisted the LMS Mission Scientist in the organization of an IWG to take place in
May at ESA's European Space Research and Technology Centre in Noordwijk, The Netherlands.
Dr. Mark Steven Paley completed the following tasks:
His primary research for the past 4 years has focused on polydiacetylenes for nonlinear optical
(NLO) applications, and the effects of gravitational factors on thin film growth of these materials
both in the vapor and solution phases. He has been working closely with Dr. Donald O. Frazier's
group at SSL/MSFC. Polydiacetylenes are among the best organic NLO materials known, and
for applications, high quality thin films possessing minimal inhomogeneities and defects are
required. Gravitational forces such as convection affect heat and mass transport processes during
the growth of these films, hence this is an area where microgravity science can play a role.
Dr. Paley's first significant project was in collaboration with Dr. Sam McManus at UAH. He
carried out the synthesis and characterization of some novel diacetylene derivatives of pyrrole.
These compounds were used to test and verify a computational method for predicting the
chemical and optical properties of diacetylene monomers, especially, their ability to polymerize in
the solid-state.Thesuccessof thismethodallows thesearchfor potentiallyinteresting and useful
compounds to be carried out in a more pedagogical fashion, and is essential for saving time and
labor in the laboratory. This work was published (See Publications and Presentations Section of
ths report).
Dr. Paley then turned his attention to diacetylenes and polydiacetylenes that have potential as both
second and third-order NLO materials, specifically, to a compound derived from MNA, a well-
known organic NLO material. He grew polycrystalline thin films of the monomer, DAMNA, onto
various substrates to determine the effects on the orientation of the films. These films were
polymerized in the solid-state with UV light to give the corresponding polydiacetylene
(PDAMNA) film. He found that ordered teflon substrates had an ability to induce orientation into
the PDAMNA films, and films grown onto teflon showed greater second-order nonlinearity than
films grown onto other substrates. This work was published (See Publications and Presentations
Section ofths report).
Dr. Paley discovered a very novel property of DAMNA, previously unknown to diacetylenes. He
found that solutions of DAMNA, when irradiated with UV through glass or quartz, photo-
polymerized and deposited thin amorphous PDAMNA films. These films have excellent optical
quality (superior to vapor grown films), grow to thicknesses of about 1 micron, and exhibit good
third-order NLO properties. Furthermore the process can be carried out with a laser to form
polymeric circuits. The results so far are very exciting; this process has real potential for
producing polydiacetylene films for NLO applications such as wave guides and integrated optics.
Dr. Paley is involved in extensive ground-based studies of the fundamental science (surface and
solution chemistry) governing this new and intruiging reaction. Preliminary results have been
published as a communication in Chem. Mater., and a full paper has been sent to J. Am. Chem.
Soc. Also, a patent application has been filed for this process.
Because photo-deposition from solution has potential as a technologically feasible means of
forming polydiacetylene films, Dr. Paley is very interested in the effects of gravity on this process.
Specifically, he is interested in the effects of convection on the kinetics of film growth, and on the
morphology and properties of the films obtained. Films grown in l-g contain small particles of
solid polymer form in the bulk solution, get transported by convection to the surface of the
growing film, and become embedded. These particles are defects that can scatter light and lower
the optical quality of the films. In microgravity, where convection is negligible, both the
formation and transport of these particles should be greatly reduced. Also, films grown in
microgravity should have more uniform thicknesses and may exhibit greater molecular orientation,
which could enhance their NLO properties. Preliminary flight experiments are scheduled in 1995
on the KC-135 aircraft and on a Shuttle gascan.
Dr. Narayanan Ramachandran completed the following tasks:
He worked in the area of fluids and duirng his tenure was funded in part through the Center
Directoris Discretionary Fund for numerical modeling was pursued to identify 3-4 glovebox type
experiments. Experimental parameter ranges and science requirements were established in part in
this effort. A complementary effort to measure the diffusion coefficients of salts used in the above
effort was undertaken. The work is in collaboration with Dr. Donald Reiss, ES 76.
PhysicalVapor Transport(PVT) modelingwork wascontinuedto supporttheexperimentalwork
of Dr. ChingHua Su,ES75. A compressiblefluid flow modelwassuccessfullycompletedand3-
D modelingwas initiated.
Numericalwork in the area of vibrational and g-jitter convection was continued. An application of
this research was found in the area of fluids mixing.
The proceedings of the " L+I Science Review of USML-1 and USMP-1 with the Microgravity
Measurement Group" : NASA CP -3272, were prepared for electronic access.
Dr. Ramachandran completed a journal paper on Space Shuttle acceleration measurements and
their impact on thermo-solutal fluid mechanics. He performed tests to check if the effect of Mach
number on three hole (Cobra) probes was undertaken. A previous test to document the effect of
high Reynolds numbers indicated some Mach number dependency of the probe pressure
coefficients. An ad-hoc test rig was assembled for this purpose and the results showed Mach
number effects in the range 0.6<Ma<0.9. A recommendation was made to calibrate the probes in
this Mach number range.
In response to a possible flight opportunity on USML-2 (scheduled for fall 1995), work was
initiated on a simple science experiment that will respond to the vibrations present on the Space
Shuttle. The experiment, a derivative of the already funded effort under the Center Director
Discretionary Fund project, involves the thermal response of a fluid to g-jitter. Two scenarios
were investigated, a model liquid chosen and experiment parameters determined. An
interferometer system is being set up for optical di.
Work continued on the measurement of diffusion coefficients of salts to be used in the fluid
diffusion experiment - a candidate for glovebox experimentation.
A new order of magnitude analysis was formulated to obtain estimates of g-jitter convection in
constant heat flux situations.
Dr. Terry D. Rolin performed activities in the following areas:
Crystal Growth Furnace (CGF) Project Science
His primary task has been to act as the technical interface between project management and the
Principle Investigator's (PI) to insure that the hardware is built to meet each PI's need without
impacting cost, schedule or the other PI's science. This has required inventing engineering
solutions for cartridge and furnace design issues. An example of a furnace design issue was the
request by one of the PI's to increase the thermal control plate thickness in the furnace. Dr. Rolin
ran a thermal model of this furnace to determine the optimal thermal control plate thickness for
the furnace. His computations suggested that a change would not necessarily help the requesting
PI but definitely impact the others. One experiment was run and his calculations were confirmed.
Because the model and experimental results agreed, no further tests were needed to increase
confidence, thereby saving the program additional cost and time.
Additional project science duties have involved inspections of all incoming ampoules and their
cartridge assemblies including the assembly of Current Pulse Interface Demarcation (CPID)
SampleAmpoule Cartridge Assembly's (SACA) at Teledyne Brown Engineering (TBE). Dr.
Rolin also supported every test of the SACA's at TBE including Ground Control Experiment
Laboratory (GCEL) and Flight Simulation tests. Once processed, the ampoules are removed from
the SACA's and returned to the appropriate PI's, completing the ampoule processing cycle.
Interface Demarcation Flight Test (IDFT)
Another significant portion of Dr. Rolin's time has been devoted to the success of IDFT. This is a
non-peer reviewed engineering test that was mandated by NASA Headquarters and handed to
MSFC in late fall of 1994. Unlike other PI's who typically get two years notice, the IDFT team
was only given a few months to produce a flight-like ampoule. Dr. Lichtensteiger and Dr. Rolin
worked aggressively to meet each deadline imposed and is happy to announce that each was met
(all other teams have not had such a success rate). Dr. Rolin's support of this project has included
assisting in the design of the ampoule and piece parts and to a small degree with the actual
ampoule assembly (mostly done by Gene Nelson, the glass blower at UAH). As with any flight
ampoule, many documents and drawings are required for various reasons (e.g., interface control
document, data requirements document, contract end item specification document. He worked at
great length to insure that such documents and any drawings were created to the satisfaction of
TBE, MSFC and the IDFT team leader. This has allowed all the IDFT ampoules to flow
smoothly through the MSFC and TBE systems. Currently he has all the flight ampoules (3 of 3)
and most of the qualification ampoules (4 of 7) built and ready for assembly. No other Prs have
this many ampoules ready for assembly at this point in time. Finally, Dr. Rolin supported at great
length each test of IDFT at TBE. Based on the results of testing at TBE and at MSFC, a robust,
flight ready ampoule has been produced. Dr. Rolin and Dr. Lichtensteiger are very excited about
the upcoming USML-2 mission on which IDFT is manifested for processing in the CGF.
More IDFT ampoules must be built to support all the required qualification testing. Furthermore,
Manfred has asked for additional GCEL tests. If accepted, more ampoules will have to be
assembled. As project scientist activities slow, Dr. Rolin intends to devote more time to IDFT,
particularly in the area of characterization of the processed crystals.
With respect to the USML-2 mission, many training sessions are required and it has been
suggested that Dr. Rolin attend these sessions so that he can adequately support IDFT during the
mission as both team member and project scientist.
Magnetic Damping Furnace (MDF)
The third project which Dr. Rolin has worked on is the Magnetic Damping Furnace project of
which Frank Szofran is the PI. His primary task was to measure thermophysical properties of
various compounds in order to fully understand the behavior of these materials during their
growth in a magnetic field. Of primary interest is the electrical conductivity of the liquid phase,
since this parameter appears in most dimensionless numbers governing magnetic damping
processes. To determine the electrical conductivity, he built an apparatus and assembled the
necessary supporting equipment with very little expenditures. This apparatus was calibrated and
checked with a standard and found to be extremely reliable compared to literature data. With this
confidence, the electrical conductivity of molten Ge0.95Si0.05 was measured and the results have
been submitted to the Journal of Crystal Growth for publication. In addition, the electrical
conductivity of InGaSbhas also beenmeasured. The data is currently under analysisand a
publicationsubmittalis forthcoming.
Dr. Rolin wasalsoinvolvedin anothersignificanteffort underthisproject, namelythe designof a
flight quality magneticfurnace. This hasrequiredhim to carryout very difficult calculationsin
order to establishthe adequatedesignparametersfor the magnet. He has completedthese
calculationsand a final report hasbeenprepared. One copy was submittedwith a previous
quarterlyreport andextracopiesareavailableuponrequest.
Unfortunately,theMDF projectfailedto passfrom theground-basedstageto theflight readiness
stageby theendof thecontract.
Dr. Yi-Gao Shacompletedthefollowingtasks:
His work wasprimarilywith Dr. SandorLehoczkyon theflight projectentitled,"CrystalGrowth
of SelectedII-VI SemiconductingAlloys by Directional Solidification." He performedvarious
tasks including materials synthesis, ampoule preparation, crystal growth, and crystal
characterizationsrelatedto the ground-basedstudiesandthe preparationof USML-2 experiment
ofmeltback andregrowingof HgZnTe. His activitiesoneachtaskaredescribedbelow.
Prepared Optical Cells for Thermal Diffusivity Measurements of HgZnTe Melt
HgZnTe samples of various composition were synthesized and homogenized from the elements
and sample powder were loaded into special optical cells. Each cell was heated up to above the
liquidus temperatures and the thermal diffusivity of the melt was measured at several temperatures
by shining a laser beam on one side of the sample and recording the temperature response on the
other side. Total HgZnTe optical cell prepared: 6 (excluding 4 failures). Each required 12-14
days.
Perform DTA Measurements of HgZnTe
Several HgZnTe samples of different composition were synthesized from the elements,
homogenized, and quenched to reserve the composition uniformity. Differential thermal analysis
were performed and solidus and liquidus temperatures were determined for several compositions.
Total sample: 6. Each required 7 days to prepare and 3-5 days to complete DTA measurement.
Growth Ampoule Preparation
The original design of the growth ampoule consisted of a homogenized HgZnTe ingot of about 12
cm long. The material was synthesized in the graphitized growth ampoule from the elements, then
rocked while it was in molten condition and quenched to preserve the composition uniformity.
The ampoule was then shortened by resealing. Total ampoules prepared: 20. Each required 7-9
days.
The current ampoule/sample configuration for growing HgZnTe in space consists of growing a 2
cm long ZnTe seed in the graphitized ampoule by physical vapor transport, opening the ampoule,
filling the ampoule with precast HgZnTe ingots of known composition, and then resealing of the
ampoule. In order to optimize the PVT growth of ZnTe, ZnTe source material was pre-treated
with hydrogenunderdynamicvacuumto reducethe oxygencontentand then was bakedout
under high temperatureto improve its stoichiometry.SeveralZnTe seedshave beengrown.
Except for one,all meet the requirementsof havingeither a slantedinterfaceor disappearing
graphite film after the growth. The former was causedby a combinationof a possibleradial
temperaturegradientin thegrowth furnaceandanimproperpositioningof theampoulerelativeto
the furnacebore.Thelatter problemwascausedby the oxygenresiduein the sourcematerialand
hasbeeneliminatedessentiallyby thehydrogentreatment.Total numberof ZnTe seedgrown: 15,
eachrequired8-10 days.
Severalampoulesof HgZnTe ingot werecastto providetheseingots with the compositionin a
finishedampoulewhich shouldmeeta profile that simulatesa freeze-indiffusionboundarylayer.
The castingotswere cut into segmentsof variouslengthand the compositionof eachsegment
was determinedby precision density measurementand energydispersivex-ray spectroscopy
(EDX). Sincethecastingotshavea dendriticalstructure,the EDX resultswere ratherscattering
becauseit usuallymeasuresthe compositionof a very small surfacearea,whereasthe density
measurementgives the averagecomposition of a segment. This causessomedifficulty in
confirming the actual compositionof the segments.Total ingot cast: 8, eachrequired 7 days.
Total ampoulesprepared:7.
Crystal Growth Experiment
Growth experiments were performed for both ampoule configurations in SSL. Different growth
parameters were used in order to determine the optimal growth condition. Growth was also
performed in a magnetic field to investigate the magnetic damping on the convective flow in the
melt. The experiments for the current ampoule configuration were to control the precise
meitback to the ZnTe seed. Total crystals grown: 7. Each required 15-50 days. The growth
experiments were also conducted in CGF GCEL and Flight units to test the reproducibility of the
desired results.
Crystal Characterizations
The crystal/melt interface was examined by cutting the grown ingot along the growth axis. The
axial compositions of samples were measured by precision density measurement of slices cut
perpendicular to the growth axis and by EDX on the surface and on the centerline of the ingot.
The radial composition distribution was mapped by EDX on slices cut perpendicular to the
growth axis.
Due to the dendritical structure of the quenched material, the composition profile measured by
EDX was scattered. Annealing of these materials below the solidus temperature removed the
original composition segregation and the subsequent EDX results showed a much smoother
composition profile. The grown crystals were oriented by x-ray Laue diffraction method.
Chemical etching on oriented and polished surface revealed structural defects of the crystals.
Dr. Laurent Sibille performed activities on the following tasks:
Protein Aggregation Experiment Aboard NASA KC 135 Aircraft
The experiment conducted in August 1994 was reviewed to prepare for a future flight by Dr.
SibiUe. Data gathered during nearly 200 parabolas show that the light scattering signal recorded
is subject to the variations of the magnitude of the gravitational forces. Given the experimental
conditions of that first experiment, it is not possible at this stage to conclude what causes the
signal variations. Several possibilities are being examined: 1) Fallout of large aggregated particles
out of the beam; 2) Dissociation of formed aggregates during the high G flight; 3) Inadvertent
drainage of the solution in the cell during high G.
A redesign of the experiment based on these observations is underway and will be carded into the
follow-on by performing extensive runs in the lab to prepare for another flight. The project is also
being linked informally to other proposals addressing aggregation of different materials in
microgravity (aerosols for example).
Phase-Shifting Interferometry
Work was performed on an experiment using phase-shi_ng interferometry to visualize and
measure concentration gradients around a growing protein crystals. Installment of the optical
setup wass conducted in William Witherow's laboratory at ES76. The manufacture of a
thermostatted cell has been ordered through the ES71 machine shop. The cell, initially designed
to follow face growth rates of protein crystals, was used to grow crystals under controlled
temperature and allow close-up monitoring through a large glass front window.
Dr. Ching-Hua Su completed the following tasks:
He served as Co-Investigator of the flight experiment "Crystal Growth of Selected II-VI
Semiconducting Alloys by Directional Solidification" on USML-1 (United States Microgravity
Laboratory) STS-50 mission in June 1992 and is scheduled to be flown on USML-2 mission,
performed post-flight analyses on the space-grown crystal.
He served as a member of the science team in the USMP-2 (the 2nd United States Microgravit
Payload) mission and conducted payload operation ground control duty. A crystal ofHg0._Cd0_Te
was grown in the AADSF (Advanced Automated Directional Solidification Furnace) between
March 4-14, 1994.
He served as Co-Investigator of the awarded proposal "Investigation of Contactless Crystal
Growth by Physical Vapor Transport" in response to NASA NRA 93-OSSA-12.
He also performed extra duty as Acting Director for USRA/Huntsville Microgravity Science and
Application Program from October 1993 to June 1994. More detail of Dr. Su's accomplishments
are located in previous quarterly reports.
Ms. Pamela D. Twigg accomplished the following tasks on this project:
Microgravity Science
• Screened and optimized Serum Albumin crystallization conditions for flight on Shuttle Flight
STS-44
• Served as member of Flight Hardware Loading Team for Protein Crystal Growth on Shuttle
Flight STS-44 in January 1992
• Screened and optimized Serum Albumin crystallization conditions for flight on Shuttle STS-
50
• Served as member of Flight Hardware Loading Team for Protein Crystal Growth on Shuttle
STS-50 in June 1992
• Manned communications console at MSFC for STS-50 as Scientific Support for USML-1
(U.S. Microgravity Laboratory) in Protein Crystal Growth samples to co-Investigators after
STS-50
• Screened and optimized Serum Albumin crystallization conditions for flight on Shuttle Flight
STS-57 in June 1993
• Began work with preliminary design of new generation Protein Crystal Growth flight
hardware in July 1993
• Coordinated writing and mailing of packet announcing upcoming flight opportunities for
Protein Crystal Growth implementing new hardware developed in this laboratory
• Conducted research into equilibration rates for vapor diffusion experiments for protein crystal
growth using an array of precipitants and experiment configurations for the purpose of
characterizing the equilibration properties of new Shuttle flight hardware to be flown on
upcoming missions STS-63, STS-67m STS-73. This information was provided to the co-
investigators to allow them to screen crystallization conditions for their proteins prior to
flight.
• Coordinated invitation of scientists to serve on the Protein Selection Committee for upcoming
flights (i.e. suggested names, contacted them by phone, drafted a letter of invitation, designed
and put together packets of proposals and forms for the followed up with phone contact, etc.
• Designed forms for co-Investigators to submit to Johnson Space Flight Center Safety Office
with crystallization conditions. Forwarded list of proposing co-Investigators and forms to Dr.
Martin Coleman at JSC.
• Set up a number of crystallization screens with well-characterized proteins using new wicking
materials in standard laboratory hardware to determine whether there is an impact on
crystallization time or quality.
• Designed forms and drafted informative brochures for users of new Protein Crystallization
Apparatus for Microgravity (PCAM). Drafted letter of acceptance for co-Investigators being
offered the opportunity to fly experiments on Shuttle missions STS-63 and STS-67.
• Put together and shipped co-Investigator testing kits for co-I's to begin screening
crystallization conditions for upcoming Shuttle Flights STS-63 and STS-67
• Coordinated co-Investigator participation on Shuttle flights STS-63 and STS-67 by compiling
and providing listings of accommodations, assisting overseas co-I's with questions about
travel and experimental preparations, preparing packets of security clearance forms, sample
loading forms and sample preparation instructions.
• Obtained U.S.D.A. permits for overseas co-I's shipping regulated proteins into the U.S. for
Shuttle experiments.
• Servedas member of Flight Hardware Loading Team for Protein Crystal Growth on Shuttle
Flight STS-63 in February 1995
Structural Biology_
• Crystallized several forms of serum albumin, including Equine serum albumin (structure
published in 1993)
• Joined with other members of Laboratory for Structural Biology in major collaboration with
Intracell (formally American Biotechnologies) involving crystallization of recombinantly
produced HIV and HTLV related proteins
• Appointed chemical hygiene officer and biohazardous waste point of contact-drafted chemical
hygiene plan and standard operating procedures for laboratory.
• Science Representative to Building Committee for construction of new NASA/MSFC
laboratory
• Designed biochemistry wet lab for new building
• Designed layout of new building
• Responsible for coordinating relocation of Protein Crystallography Lab to new computers,
equipment, phones, furniture and personnel
• Prepared drug binding assays with serum albumin to determine binding constants
• Co-crystallized albumin-drug complexes as part of Laboratory collaborations with several
major drug companies and universities
• Supported x-ray crystallographic data collection by mounting protein crystals and initiating
data collection procedures on the equipment
• Organized and presented tours of the Laboratory for Structural Biology to such groups as
high school students, college students, visiting scientist, U.S. Congressman, NASA center
directors, NASA Headquarters representatives, teachers, and one group of hearing-impaired
Space Camp delegates.
Additional Significant Accomplishments
• NASA Group Achievement Award-Protein Crystal Growth Team, June 1994
• NASA Certificate of Appreciation, March 1993
• Fire Marshall/Safety Monitor for NASAJMSFC Laboratory for Structural Biology
• Chemical Hygiene Officer for NASA/MSFC Biophysics Branch
• Biohazardous Waste Point of Contact for NASA/MSFC Biophysics Branch
Publications and Presentations
A complete list of publications and presentations, prepared by Ms. Dannah McCauley,
Administrative Assistant of the Microgravity Science and Applications Program, is attached as
Appendix 1.
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